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Abstract. The Bekker soil pressure-sinkage model is a classical theory to investigate the relationship
between soil pressure and sinkage during vehicle travel. On the basis of the Bekker model, the
descendants carried out a large number of experimental research, which played a significant role in
promoting the development of vehicle-ground mechanics. In this paper, the principle of Bekker model
is introduced briefly, and the application status and existing problems of Bekker model is discussed,
and points out that, it is still an important direction for research to optimize and improve the bekker
model.

1. Introduction

Bekker's theory of the vehicle-ground system is the classical theory of the field of vehicle-ground
mechanics. After several decades of development, it has been widely used in military and civilian
applications such as vehicle driving performance optimization, tracked vehicle track design.bekker
was inspired from the plate loading test of the load-bearing capacity of the civil engineering, and the
model of pressure-sinkage between vehicle and ground was proposed. And the bekker apparatus was
designed, shown in Fig. 1. The Bekker model is a mechanics analysis of the interaction between
vehicle and soil. By determining and measuring the appropriate soil properties, the simplified equation
is derived from the vehicle and soil parameters [,
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Fig.1 Bekker's apparatus
Fig.1 Schematic diagram of the Bekker's apparatus [?:1. Cutting ring 2,9. Recording tape 3,7.
Amplifier 4. Torque motor 5. Torque and angle sensor 6. Loading cylinder 8. Pressure gauge 10.
Through the flat plate
The Bekker model has undergone a large number of plate pressure-sinkage tests to summarize the
Bekker formula:

p:[%+k¢j-2n, 1)

The parameters are: p-plate pressure; kc-soil cohesive deformation modulus; k- soil friction angle
deformation modulus; b-plate width; z-soil sinkage; n-soil deformation index.
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It can be seen from the Bekker formula that the relationship between the p ~ z curves in the plate
pressure-sinkage test is affected by four parameters. Where Kc, k,, n reflect the mechanical properties
of the soil, and b reflect the effect of the plate size on the p-z relationship.

In the field of vehicle-ground mechanics, the plate pressure-sinkage test is carried out according to
the Bekker formula, and the relevant parameters of the soil are obtained, which is very important for
the establishment of the vehicle-ground coupling system, especially the tracked vehicle-ground
coupling system model Boundary conditions.

2. Investigation status

With the development of society and economic, production equipment is required to be
mechanization in both military and civil field. Compared with wheeled vehicles,tracked vehicles has a
better performance of cross-country. Under Consideration of the influence of track shoe, Li Jun, Zhou
JingKai, Li Qiang™ conducted the investigation of performance of track sinkage, and the method of
measuring the p~z curves under the conditions that n is non-integer was obtained. On the basis of the
research of the paper [4, Li Jun, Zhang Yu @ and others use the computer simulation technology to
simulate the characteristics of the track shoe under certain soil conditions, so that the method of relying
on theoretical analysis and experiment More diverse. Zeng Yihui, Zhou Yucai et al.l®l used soil-water
mixture instead of in-situ seabed sediment for pressure-sinkage test, combined with simulation
technology, obtained the results of very close to the seabed sediment pressure-sinkage measurement
data and used The intelligent algorithm improves the accuracy of the model and provides important
boundary loading conditions for the simulation analysis of the tracked vehicle moving on the seabed.

3. Some problems of Bekker pressure-sinkage model

The soil has more complex mechanical properties and constitutive relationships than other materials.
And the mechanical properties of the soil are influenced more obvious by the environmental conditions.
During the soil mechanics experiment, it is relatively difficult to obtain the parameters of the in-situ
soil, and the precision needs to be improved. There are some assumptions about the Bekker model. 1,
The Bekker model reflects the soil pressure-sinkage characteristics during slow loading. 2, Bekker
model assumes that the load distribution under the bottom of plate is uniform. 3, regardless the impact
of the size and shape of the plate.

In the actual application process, the track vehicle driving process is a high-speed repeated loading
process, the soil structure and state are different, and the bottom of the load plate load distribution is
not ideal evenly distributed state. Therefore, there are deviation between theory of the Bekker model
and actual situation in the using process. A lot of people or institutions engaging in relevant research do
not fully consider this point.

3.1 The differences between Bekker model loading rate and tracked vehicle driving process.

The Bekker pressure-sinkage test is a quasi-static slow loading process, and the interaction between
the track shoe and the ground is complicated when the tracked vehicle is running. However, when it is
simplified as a pressure-sinkage model, the loading rate is much higher than that of the Bekker
pressure-sinkage test. Therefore, the impact of the loading rate on the pressure-sinkage relationship
should be studied when the Bekker pressure-sinkage model is used to study the pressure-sinkage
characteristics of the interaction between the track shoe and ground. However, through the literature
review, although the dynamic plate loading test has been studied and developed in civil engineering,
but in the field of vehicle-ground mechanics, especially the tracked vehicle pressure-sinkage test
research field, most still follow the Classical Theory of Bekker pressure-sinkage Model. The condition
of Bekker pressure-sinkage model based on slow loading is not enough, which inevitably adversely
affects the establishment of soil pressure-sinkage model. In the future research process, we should
focus on the impact of loading rate on soil pressure-sinkage relationship, and improve the shell
pressure-sinkage model, so that the study of pressure-sinkage characteristics between tracked vehicle
and ground more closer to the actual situation.
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3.2 Load distribution of plate bottom and shear performance having effect to the measurement
of pressure-sinkage characteristics.

The Bekker pressure-sinkage model assumes that the load on the bottom of the plate is evenly
distributed, but whether the load is evenly distributed during the actual test, further research is needed.
In addition, the soil shear performance will also affect the pressure-sinkage characteristics, the bekker
model cannot reflect this. From the previous research results, the impact of soil shear stress on the
pressure-sinkage is considered more, most researchers do not consider the load distribution in plate
bottom. Wang Jiangying, Cao Wengui et al. 1 considered the shear performance of the soil when
analysis the interaction between deep-sea sediments and the track shoe, but it was difficult to
measuring the pressure-sinkage characteristics and shear capacity at the same time in the actual
experiment (. Although this paper improves the application of Bekker pressure-sinkage model in
practice, considering the shear performance of soil, distribution under the bottom of load plate was not
considered.

3.3 Hysteresis of soil circulation loading.

According to the theory of soil elastic-plasticity in higher soil mechanics, there is a hysteresis in the
process of soil stress cycle [°l. In the case of stress, the strain includes two parts. One Part of the
deformation is elastic, recorded ases, the other part from the plastic deformation, recorded as €. The
total soil strain is:

e=¢g te. (2)

Where the elastic strain is a recoverable part, the plastic strain is permanent and irrecoverable.
During the cyclic loading process, the stress-strain curves of the soil loading process and the
stress-strain curves at the time of unloading are not coincident. As shown in Fig. 2:

0; =03

hysteresis loop

Fig. 2 Schematic diagram of hysteresis

During the loading process, the stress-strain curve is steep at the beginning, and gradually decreases
with the increase of stress, which corresponds to the change of soil deformation modulus. During the
unloading process, the stress level drops rapidly and then gradually slows down. With the loading
cycle, the hysteresis loop repeats.

Tracked vehicles in the actual driving process, the interaction between track shoe and the ground
can be considered as a cycle loading process. Therefore, in studying the pressure-sinking
characteristics between tracked track and ground, we should consider the change of soil deformation
modulus when soil stress is cycled. The traditional method of study only considers the pressure drop
characteristics of the soil when loaded at one time. In the actual case, the soil deformation modulus of
loading and unloading is not the same.
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4. Conclusions and recommendations

Bekker pressure-sinkage model is widely used in the study of soil pressure-sinkage characteristics
between vehicle and ground. In particular, in the study of track performance and track structure
optimization, based on the Bekker model and referenced to related parameter, the pressure-sinkage test
provides important boundary load conditions for vehicle-ground system. In the application, though the
Bekker model has been improved and optimized for specific problems, the problems about the loading
rate, the load distribution of the plate and the hysteresis loops in the soil stress cycle are still worthy to
be pay attention to.
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